The purpose of this pilot study was to explore the potential of eye-tracking technology in monitoring symptoms and predicting outcomes in apathetic Alzheimer's disease (AD) patients treated with methylphenidate (MTP).
INTRODUCTION
Apathy, characterized by reduced motivation, social disinterest, and emotional blunting, (1) is the most frequently occurring neuropsychiatric symptom in Alzheimer's disease (AD). (2) Apathy has been associated with the mesocorticolimbic dopaminergic (DAergic) pathway involved in reward and motivation. (3) Psychostimulants such as methylphenidate (MTP), which work by increasing DA and norepinephrine, have been shown to improve symptoms of apathy as well as attention. (4, 5) Current assessments of apathy depend heavily on subjective input from caregivers. However, a high burden of care may constrain the capacity of caregivers to accurately evaluate patients, limiting the clinician's ability to monitor symptoms and treatment responses. (6) Apathy is particularly difficult to assess and treat due to its overlap with depression. (7) Furthermore, these two syndromes have divergent neurobiology (8) and require different drugs for treatment. More direct and nonverbal assessment tools would be of value in exploring the effects of pharmacotherapy in these patients.
Currently, no direct measure that can accurately distinguish apathy from depression has been validated. However, using eye-tracking techniques, we previously demonstrated that in nondepressed AD patients, those with significant apathy had reduced selective attention towards social or positive stimuli compared to those without apathy. (9) Furthermore, AD patients displayed less attention towards novel stimuli (novelty preference) compared with elderly controls. (10) This parameter also predicted longitudinal decline. (11) MTP may modulate apathy and selective attention via common pathways. As such, visual scanning behavior associated with apathy and selective attention, established in previous studies, (9, 10) may be sensitive to pharmacological manipulations. The objective of this study was to determine changes in attentional bias parameters associated with MTP treatment.
METHODS

Participants
Patients with mild-to-moderate AD and clinically significant apathy were recruited from outpatient clinics at Sunnybrook Health Sciences Centre. For those included, an independent clinical decision to treat apathy with methylphenidate had been made. Additionally, eligibility for the eye-tracking study included: significant apathy (NPI apathy subscore ≥4, as used previously (4) ), no change in antidementia medications for at least one month, and no significant eye pathology. Written informed consent was provided by all participants or a legally authorized representative. This study was approved by the Sunnybrook Research Institute Research Ethics Board.
Procedures
Eye-tracking measurements and neuropsychological assessments were completed immediately before beginning MTP treatment (5-10 mg BID), and at the first follow-up visit (approximately four weeks later). At each study visit, the Standardized Mini-mental State Exam (sMMSE), (12) Neuropsychiatric Inventory (NPI), (13) and Apathy Evaluation Scale (AES)-Informant (14) were administered to assess cognition, behavior, and apathy, respectively.
Eye-Tracker and Visual Stimuli
The visual attention scanning technology (VAST, EL-MAR Inc., Toronto, Canada) used has been described previously. (9, 10, 15) Participants viewed images on a computer screen while the eye-tracking system estimated visual scanning parameters. The visual stimuli consisted of slides displayed for 10.5 s each, followed by a 1-s grey screen. Slides consisted of four simultaneously presented images (arranged 2 by 2) selected from the International Affective Picture System (IAPS). For the novelty paradigm, (10, 11) all four images had similar complexity and IAPS ratings for valence (neutral) and arousal (low). Two images on each slide were novel and two were shown previously (1-back and 2-back repeats were tested). The position of the novel and repeated stimuli were randomly intermixed. There were 16 of these slide series (total of 48) presented in this portion of the test. The stimuli for the social paradigm (9) comprised of a series of 16 slides each containing 1 social, 1 dysphoric, and 2 neutral images. The position of each theme was randomly intermixed. Social images had high valence and arousal, while dysphoric images had low valence and high arousal. The total testing procedure was 20 minutes.
Visual Scanning Parameter
The visual scanning parameter was the number of discrete fixations on each image (fixation frequency within images). Novelty preference was estimated by subtracting parameter values for repeat from novel images on each 1-back and 2-back slide. The 1-back and 2-back values were added in order to obtain a single value to represent novelty preference for each patient. Social biases were summarized by subtracting mean fixation frequency on neutral from social images.
Statistical Analyses
Baseline and follow-up scores on neuropsychological and psychiatric tests were compared using Wilcoxon signed-rank tests. Spearman correlations were conducted to explore associations between changes in visual scanning (treatment-baseline) and AES scores (treatment-baseline). Spearman correlations were conducted to explore baseline predictors of change in AES. To examine whether apathy remission was associated with differential bias patterns, patients were categorized as remitters based on an NPI apathy score below 4 following treatment, and nonremitters were those who maintained scores above or at 4. Repeated-measures ANOVA models explored within-subject effects of MTP (baseline, follow-up) and between group effects (remitter, nonremitter) for attentional bias parameters. All analyses were considered significant at an α of 0.05, consistent with the exploratory nature of the trial. No corrections were made for multiple comparisons.
RESULTS
Nine AD patients being treated with MTP for apathy agreed to participate. The median length of treatment exposure at time of follow-up was 4.0 weeks (range: 3-17 weeks) and the average dose was approximately 15 mg/day. No patients experienced adverse events. Overall, there were trending decreases in apathy test scores (AES and NPI apathy) following treatment ( Table 1) . Five of nine patients remitted based on NPI apathy scores.
Improvement on the AES was significantly associated with increased fixation frequency on novel (minus repeat) images (ρ 7 =-0.809, p=.008). There was no significant correlation between change in fixation frequency on social (minus neutral) images and improvement in AES score (ρ 7 =-0.200, p=.606). However, lower baseline fixation frequency for social images predicted improvement in apathy symptoms on the AES (ρ 7 =0.905, p=.001).
Overall, compared with patients who remitted, those who did not remit had a greater decrease in mean fixation frequency within novel (minus repeat) images following treatment 
DISCUSSION
This pilot study explored the effect of MTP treatment for apathy on the processing of novel and positive themed stimuli in AD patients. We found that improvements in apathy were significantly associated with an increased number of fixations on novel images. Consistent with our results, Daffner et al. (16) found that apathetic AD patients demonstrated decreased exploration of novel visual stimuli. Additionally, more severe apathy was associated with reduced P3 eventrelated potentials (ERPs), an electroencephalogram (EEG) index of the orientation of attention towards novel stimuli. (17) Reduced novelty P3 amplitude has been associated with apathy in patients with Parkinson's, a disease characterized by depletion of DAergic neurons in the nigrostriatal pathway. (18) The DAergic system is most prominently implicated in encoding novelty. One study reported increases in the N2 ERP amplitude, an EEG signal associated with novelty detection, in Parkinson's patients on the DA precursor levodopa versus off medication. (19) A study of healthy adults showed increases in the N2b response to novelty following administration of apomorphine, a DA D1/D2 receptor agonist. (20) However, no pharmacological studies of novelty preference have given special consideration to the effect of apathy.
Previous eye-tracking studies found a reduced bias towards social images in depressed young adults compared with age-matched controls. (15, 21) While results from our previous study (9) suggested lower attentional bias towards social images in apathetic compared with nonapathetic AD patients, we found no significant correlations between change in apathy and visual scanning on social stimuli following MTP treatment in this study. A sample size of nine was likely not sufficiently powered to detect a relationship. However, lower baseline bias towards social images predicted greater improvements in apathy after MTP treatment. Thus, patients with greater dysfunction in the processing of social or positive stimuli may benefit more from treatment.
The results of this pilot study should be very carefully interpreted in light of the small sample size. These findings can inform a larger and more comprehensive investigation. A sample size of 20 would be needed to achieve a power of 0.80 to detect a large effect size (ρ=.5) in correlation analyses.
CONCLUSION
This study provided preliminary data to suggest that visual scanning behavior and attentional biases may be sensitive to pharmacological manipulations. Apathy is often misdiagnosed as depression, despite differing treatments. Clinicians have observed the development of apathy following treatment for depression using selective serotonin reuptake inhibitors in psychiatric and geriatric patients. (22) These points highlight the significance of exploring more precise methods of evaluation in order to better measure symptoms, inform treatment decisions, and prevent the prescription of ineffective or detrimental courses of therapy. The measurement of attentional biases may represent a reliable marker of pharmacotherapy-induced behavioral changes. (14) 8 (3) 6 (8) 22 (26) 3 (7) 0 (8) .594 .058 .461
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